. Pearson's correlation map of 2.5°×2.5° deseasonalized surface air temperature (T, X1 in Table 1 ) and sea level pressure (SLP, X4 in Table 1 ) during the study period of June 2014 to May 2016. Text inset shows the correlation averaged over the entire China. 5 Fig. S3 . Mass divergence map of PM2.5 according to the continuity equation in Eulerian form − = ∇ • ( ⃗ ), which indicates the mass flux of PM2.5 (divergence in red). (μg m -3 ) is the average mass concentration of PM2.5, and ⃗ = ( , ) (m s -1 ) is the correlation vector in Fig.  2(g) . The map shows that the two strongest divergent patterns are over BTH and Xinjiang, 5 where PM2.5 is advected out of the grid cells. The two regions are surrounded by the light blue colors, indicating the peripheries are affected by pollution from the source regions. 
Calculation of standard errors of meteorological composition
For each mode, we calculate the variances of meteorological composition by this formula:
where ej is the meteorological composition (as an eigenvector) of the j th PC, λj the variance (eigenvalue) of the j th PC, n = 8 the total number of PC found. The diagonal elements of the 5 covariance matrix are the variances of the modes. We find the standard errors of each element of the eigenvector, and then plot out the error bar of 95 % confidence level (two standard errors). Table S2 . We classify the second PC in spring as onshore flow associated with high ambient RH, the second PC in summer as southerly flow associated with high RH, and the rests as 5 cold-frontal northerly wind from Siberian high. The panel showing the composition of annual PC1 is the same as Figure 3b . Error bars show two standard deviations of the distributions.
Seasonally dominant meteorological modes of PM2.5 variability in the Beijing-Tianjin-

Hebei (BTH)
In spring, there are two meteorological modes that together explain 34% of the springtime PM2.5 variability. The first mode is also associated with the Siberian high ( Fig. S5) , with its meteorological composition close to that in winter (see Fig. S4 ). Figure S6 shows the 5 second mode contributing to 18% of PM2.5 variability in spring. The time series of this PC and deseasonalized PM2.5 show a positive correlation (Fig. S5a ). The EOF of this model consists of high RH, high precipitation, low SLP and easterly wind ( Fig. S6b) , with the positive phase representing moist conditions with high water content in ambient air together with some rainfall. The weather map ( Fig. 6c ) indicates that rainfall in BTH was about 3 mm d -1 on 16 10 Mar 2015, likely too weak to cause effective wet deposition of PM2.5 even though the corresponding eigenvector coefficient for the normalized variable is large. Springtime easterly onshore wind brings moisture (> 70% RH) from the East China Sea, which may promote formation of semivolatile PM such as ammonium nitrate and organics (Dawson et al., 2007b) .
The weather map on 9 Mar 2015 ( Fig. S6d) shows the negative phase of the mode when 15 northwesterly wind is dominant and RH is less than 40%, helping ventilation and suppressing aqueous phase reactions of PM2.5. Figure S7 shows the only dominant mode in summer, explaining 17 % of the summertime PM2.5 variability. The mode has strong correlation with PM2.5 (Fig. S7a ). The positive phase of this PC consists of high precipitation and RH and decreasing SLP and 20 southerly wind ( Fig. S7b ), reflecting a southerly monsoonal flow, which brings moisture from the Pacific Ocean northward. Generally, a "Mei-yu" rain belt forms in central China when local southwesterly wind strengthens, with increased upward motion and water vapor convergence (Zhao et al., 2007) . The weather map (Fig. S7c) shows a Mei-yu belt on 15 Jun 2015 in central China, which caused more than 20 mm d -1 of rainfall in Henan and Anhui provinces but little 25 rainfall in BTH. This result implies that southerly wind could bring moisture and pollutants from high-emission regions to the north without effective wet deposition. The negative phase of this mode, however, brings increasing pressure tendency and northerly wind that can transport away PM2.5 in a motion analogous to a cold front ( Fig. S7d ). Table S3 . We classify the second PCs in summer and fall as rain induced by low-pressure troughs or tropical cyclones, and the rest are rainfall associated with onshore 5 flow. Error bars show two standard deviations of the distributions.
Seasonally dominant meteorological modes of PM2.5 variability in the Yangtze River
Delta (YRD)
Apart from onshore flow, YRD is also influenced by fleeting low-pressure systems. Figure S9 shows the summertime dominant mode which explains 24% of the PM2.5 variability in summer. The mode has a negative correlation with the deseasonalized PM2.5 (Fig. S9a ). The 5 EOF (Fig. S9b ) indicates that the system contains high RH and intense precipitation, low SLP and northerly wind. Figure S9c shows the weather map on 23 Aug 2015, revealing a deep surface low with minimum SLP of 994 hPa on China sea with highest rainfall of 45 mm d -1 .
The map suggests that this mode represents a low-pressure trough or tropical storm sweeping from the south in a northeastward direction to YRD. The one on the map is tropical cyclone 10 Goni, which brought 20 mm d -1 rainfall as well as northerly wind to YRD. Intense rainfall and strong cyclonic winds washed out PM2.5 or advected it away during this event. Figure S8d shows the negative phase of this PC on 25 Aug with mild weather conditions and increasing PM2.5. On 11 Aug, there is another positive peak in PC (Fig. S9a ), corresponding to tropical cyclone Soudelor, which also depleted PM2.5 effectively. 15 Table S4 . We classify DJF PC1 as cold fronts from Siberian high, JJA PC1 as low-pressure trough with rainfall, JJA PC2 as subsidence inversions created by tropical 5 cyclones, and the other PCs as frontal rain. Error bars show two standard deviations of the distributions.
Seasonally dominant meteorological modes of PM2.5 variability in the Pearl River Delta (PRD)
There are two modes controlling PM2.5 variability in summer, contributing to 11% and 20% of PM2.5 variability, respectively. Figure S11 shows the first mode, which has a negative correlation with PM2.5 (Fig. S10a ) and consists of low temperature, high RH and 5 rainfall, negative SLP anomaly, strong positive pressure tendency and strong easterly wind (Fig. S11b) . This mode represents a low-pressure trough located on the South China Sea to the south of PRD, or sometimes a tropical cyclone making landfall to the west of PRD. Figure   S11c shows the weather map on 14 Aug 2016, corresponding to the positive phase of the mode.
There was a low-pressure system located at the south China sea, accompanying two rainfall 10 extrema to the southeast and southwest of PRD. Strong easterly wind from the ocean associated with cyclonic flow ventilated air pollutants away from PRD during this event. The rainfall system in the east later developed into tropical cyclone Dianmu, which moved westward and made landfall to the west of PRD on 18 Aug 2016. The east quadrant of Dianmu was associated with strong southerly wind (daily mean 15 m s -1 ) and rain (daily mean 40 mm d -1 over PRD), 15 which depleted PM2.5 at PRD (Fig. S11a) . Figure S10d shows the negative phase of this mode on 23 Aug 2016, characterized by weak wind and some precipitation, with PM2.5 slowly accumulating to 40 μg m -3 within a week. Figure S12 shows the second mode for dominating daily PM2.5 variability in summer.
This mode consists of high temperature, high precipitation, extremely low pressure and 20 northerly wind (Fig. S12b) , and has a positive correlation with PM2.5. The PC has an overall positive effect on PM, but sometimes also has the opposite impact, as seen in the first few days of July in Fig. S12a . This mode is characterized by a low-pressure system with a strong local minimum of SLP, occasionally representing a brief tropical cyclone or tropical depression. For example, the peaks of the PC on 9 July, 9 and 22 Aug 2016 ( Fig. S12a ) represent three tropical 25 cyclones (Linfa, Soudelor and Goni), which either made landfalls on the east of PRD or were deflected northeastward. Tropical cyclones approaching the southeastern coast usually induce subsidence inversion over the PRD (Feng et al., 2007; Wang and Kwok, 2003) . Sinking motion occurs around the periphery of the cyclone due to strong rising motion of air in the cyclone eye, suppressing planetary boundary layer (PBL) height while causing stagnation and adiabatic 30 heating and drying of atmosphere (e.g., Feng et al., 2007) . This mechanism prevents particles from being diluted through PBL mixing or experiencing ventilation, resulting in a pollution episode just before the arrival of the cyclone. As the cyclone moves inland, southwesterly wind brings rainfall that scavenges the PM2.5. Figure S11 also shows weather maps with positive and negative phases of the PC during the influence of tropical cyclone Soudelor. Due to anticlockwise spinning, the Soudelor landfall on 8 Aug 2015 at Fujian brought intense rainfall (110 mm d -1 ) from Pacific Ocean to the eastern Fujian (Fig. S12c) , and the PRD was affected by subsidence at its western periphery. PM accumulated in the region from the end of July to 5 8 Aug until the arrival of Soudelor. Figure S12d shows that on 26 Jul 2016, a few days before the arrival of Soudelar, SLP was relatively high and westerly wind blew onshore, helping to ventilate PM. synoptic weather maps on 14 and 23 Aug 2016, corresponding to the positive and negative influences from the mode, with precipitation (mm d -1 ) as shaded colors, wind speed (m s -1 ) as vectors and SLP (hPa) as contours. (c) shows the positive influence with a low-pressure system or tropical cyclone sweeping across PRD, bringing substantial rainfall and strong wind that depletes PM2.5. (d) shows the negative influence with a mild weather over PRD. 10
The rectangles indicate PRD in the maps. Table S5 . We classify the EOFs of the first PCs in DJF and MAM as frontal rain, and the rests are classified as northerly flow from Siberian high. Error bars show two 5 standard deviations of the distributions.
Seasonally dominant meteorological modes of PM2.5 variability in the Sichuan Basin (SCB)
Besides the northerly flow originating from the Siberian high, a second mode drives PM2.5 variability in DJF and MAM (Table S5 ). Figure S14 shows this mode in spring, which has an overall correlation with PM2.5 of r = -0.42 (Fig. S14a) . This mode is associated with 5 low temperature, high RH and rainfall, strong pressure tendency and strong northeasterly wind ( Fig. S14b) , which resembles the EOF in Fig. 5b . This mode also represents a cold-frontal rain system. Figure S14c shows a weather map of this mode's positive phase on 18 Apr 2015. A cold front from the north to SCB caused as much as 35 mm d -1 over central China, which led to PM2.5 decreasing by 60 μg m -3 over the SCB within two days. During the negative phase of 10 this mode on 14 Apr 2015 ( Fig. S14d) , there was little rain and wind in SCB, which favored the gradual accumulation of PM2.5. weather map on 18 and 14 Apr 2015, corresponding to the positive and negative influences from the mode, with precipitation (mm d -1 ) as shaded colors, wind speed (m s -1 ) as vectors and sea level pressure (hPa) as contours. (c) shows the positive influence that characterizes northerly flow with rainfall, while (d) shows negative influence with mild weather. The rectangles indicate SCB in the maps. 10
